Abstract
Video-based depth inversion through the linear dispersion relation for free surface waves using the cross spectral correlation analysis, cBathy , is applied for the first time in a highly energetic macro-tidal environment in the South West of England at Porthtowan. This application of cBathy reveals two main issues: 1) inaccurate depth estimations on inter camera boundaries when multiple cameras are used and 2) significantly less accurate depth estimates over the whole domain during spring tide compared to neap tide (inaccuracies of around 35% of the local depths are found during spring tide). These two issues are not only important in macro-tidal environments: the camera boundary issue has been reported in numerous video-camera sites and the deviation in accuracy during tidal levels is a func- near-shore zone. The impact on, and recovery rate of, the sub-and inter-6 tidal zone varies greatly depending on location (Masselink et al., 2015) . Our timate depth and obtain beach slope information for over half a century 23 starting in a hostile environment of enemy held beaches (Williams, 1946) .
24
The mathematical relation between wave length, wave velocity and water 
53
In the sub-tidal zone, remote sensing efforts have opened up the possibil-54 ity to estimate depths accurately, primarily using video imagery or X-band 55 radar. The most common approaches are depth-inversion methods, using the 56 linear dispersion relation (Bell, 1999 found as a function of the wave frequency (σ) and wave number (k) (1).
Where g is the acceleration due to gravity. In order to apply (1) to esti- which the subsequent Fourier coefficients are normalised.
122
To calculate depth at a specific location, a subset of these normalised
123
Fourier coefficients surrounding the point of interest (x m , y m ) are selected.
124
Depending on the size of the sub-sampling domain (determined by smoothing
125
scales L x and L y ), a subset contains typically 40 − 50 sub-samples with pixel 126 coordinates x p and y p . The cross spectral density matrix (2) is computed for 127 all possible pixel pairs in this subset and averaged across each frequency.
WhereĨ represents the subset of the normalised Fourier coefficients and
The cross-spectral density matrix essentially represents a noisy spatial (2D) 
Observed spatial phase pattern 
In this relation, C Q represents a site specific constant, σ x is the crossshore The aim of this paper is to identify issues that occur when cBathy is estimations. Based on wave data a typical frequency range is determined.
231
Considering the prevailing swell-dominated wave climate at Porthtowan, a 232 range up to 18 seconds wave period is used. ∆f was chosen as 100s −1 to 233 create enough resolution around the longer wave periods.
234
The dimensions of the pixel sub-sampling domain are determined by the 235 smoothing length scales. Smoothing takes place such that the contribution
236
of the pixels to the final depth estimate is weighted through a Hanning filter.
237
More weight is assigned to the pixels close to a depth analysis point when 
250
The monthly topography surveys are conducted using a GPS receiver 251 mounted on an all-terrain vehicle(ATV) using real time kinematic (RTK)
252
Global Positioning System (GPS). Alongshore lines are followed by the ATV- offshore of the bar an offshore region is defined (red lines in Figure 2b ).
274
The one bathymetric survey used in this work was conducted during rel-275 atively calm wave conditions and during neap tide on the 10th of April, 276 as presented in Table 2 . Since the aim is to investigate the impact under and the trough at the onshore side of the sub-tidal bar shows a similar shape.
306
In contrast to this performance are the estimates during the next spring tide 307 (17th of April). The shape of a bar in both estimates is recognisable but 308 it seems that the bar shape is more smeared out in the crossshore direction 309 over the complete alongshore domain.
310
The difference between the bathymetry survey which was collected on 
327
(2015) showed that the short-wave celerity depends largely on infragravity 328 modulations (infragravity wave height and induced velocity) in the surf zone. using the Kalman filter will be constructed with less depth estimates.
337
Two representative crossshore profiles, at respectively 100 m and 300 m This can be observed in Figure 5b , most of the domain experiences an un-388 derestimation but over most of the camera boundaries an overestimation is 389 visible. As the distance from the camera system increases the impact of the 390 camera boundary issue increases. 
Camera boundary solution [cB]
Higher inaccuracies around the camera boundaries are identified when 403 cBathy is compared to the surveys (e.g. see Figure 5a ,b .
Where dx, dy represent the shift in respectively x and y direction, η tide relates to the tidal elevation, z cam is the camera height and the subscripts ref The difference between neap and spring tide depth estimates in the sub- The results, in particular Figure 8 and Table 4 , show a significant im- 
537
The depth estimates shown in Figure 9 are representative for the day con- is performed independently for each camera to overcome these inaccuracies.
593
The second identified source of inaccuracy is the tide dependent inaccuracy.
594
Here, the formerly fixed positions of the pixels in the real-world have been . Results show the whole domain (All) and per area (inter-tidal, sub-tidal, sub-tidal bar and offshore) on the survey day (10 April 2014) and next spring-tide (17 April 2014). In brackets is the RMS error as percentage of the measured depth (mean over the (sub)domain).
